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INTRODUCTION

The inthe center of the Puget Lowhad of

the Kitsap Peninsuls; thus, T infor that there was no stillstnd of the margin of

s been glaciaid epeatzdly duing the o twro llon years,  history Tocently
ummarized by Booth and athess (2004). Nearsurfuce geologis domiated by
e effctsof he last (Vashon) ghciation (see, forexumple, Jragovihand ofhers,

Timating, wtvely fowing glaciex. In conrast, e is dbundant evilence ot the
s a1d, thus, he stiong Fresumption hat he ice sheet

{hinned, stopped moving, an e melie n place
The most provimal deglacial featurss are somewhat enigmati, unded
chamals (o) that are erockd across Anted and salloped glasiated sufaces

y wind, waves, and unming vter have homogenszed the chemiral compositors
of near urface deposit. Variations i gruin Az, sorting, srd compaction have
quences for agrcultum, comstructon, and geobogis azants. The geclogic
hisory tecorded by these deposits is sigificent 1o our understanding of crusial
deformaton, grourel end susfuce-waier esoues, he distibution of shes, and
otter togacs
Much mapping of susicial depasis, sge

The sinnows foms and opih rtios of these channzls arge
hillice,

eross the adjacent idge crest, and end on the oppostt hillide, without evident
source or sink; his seems to Tequire that they formed bemeath the ice sheet. The
Iack of subseqent smoothing indicates that the ize sheet was 1o longer moving.
‘The U-shaped e1oss sections of these chanzels, in contast o the V-shaped setions
af chamnels were Dot formed.

aress, i done on

Tandscape,
and topographic maps in order 1o discern fhe presence anc sxwrt of ladslides,
alluial fiats, debris-flow cones, wetlands, colk thd

Dlslapes that were dominated by mass
wasting . Some channels (for example, 5 ki northwest of Belfair and 2 km norh-
northesst of Bsley) were sourced frof, and (or) fowed 1o, outwash Sats.

of bedrock cnterop. These Mfrences. fom morphalogy are comborated. by

examinafion of ourops and the occasional hand-dug pif,but the intrprehfion b

typically i dominatd by morpholagic corsiderations. Where deposits preserve

depositional fat, ce-melt hollows, and related slumps
‘present in the Union River vallsy between, Gorst and Belfais, in the upper Tahy

uy
sver drsinage, and elsewhere e mapped o5 Kame-keflle surface (KK). Lacally,

their primary de ositional upper surface, these nfereces oan be
Where deposits subsecquently have beex, exoded, differences in bedding style and
competence may affee the erosional pracess and pravide chues sufficient fo Infer
the subjacent material from surface morFhology elone

Recent high-rsolufion lidar (Lizht Detection Andl Rasging; also known s
aitbome 1 the P

L

ot
i Berghott, 2000 003) provice  rore
aceurel depiction of the morphology of s forested lundbeape than previousy
has been availble. More acenrate morphoIogy Fromies mofe accurale TAPRing
of unconsolidsted dsposts and  more detaled earth histo;, pasticlarly in this
Tow-relie, where ouiemops e deposits are

I the previous parsgrap, thes feahures ecord meling ofsatcice. They Aiffr by
(1) evitence of sigrificent deposition and (2) sviderecs that water o wes domi-
‘anly parallel o cater ice-shect flow, a5 ovidenced by the end of glacial s
Localizaion of kare-kettle pography mplies fat cerhin part of the ice sheet
were especialy rich i dobri and (o) hat meltwabr steatns concerrated dsbris

in cotain 7ones within or at the margin of the cecaying ice sheet
Stroams that dnined the deraying ice sheet emded and deposib sxtnsive
alluvial fials Thes labst Fleisocene outwash sufaces are ditinguished fom
Holocere allzvial fats by their perched postions and, in some cases, by it a5
soriation, vith underft modemn stearss. The etisaing ice front and ongoing iso-
Texploied

‘promise. Ino
to clarify the chain of observation and infeence that procesds fiom morphology
to geologic map, | mapped morphologic uniti—the two-dimensional sufaces that
bownd near-surfice deposits. | leave the inference from merphology o substrate
to futar geolagic mas (for example, Haugerud, 2005). My

T this istory of changing bess bvel 1o assign relative ages  outwash fatues

datum (Fig 1) that ises 1 the north at | rfan (Therson, 1989). When assigning
Telative ages fo ontwash surfaces, 1 also considered he necessily of an ice-sheet

ping
units hes, in places, the advantege of disclosing ersion evert that lefl o
discemible trae

P 3 outside he mapams on e position of
the ive-sheet magin, and the ikelihood hat Thorson’s simpls model for isostatic

METHODS

Geomorpric mapping is the systematic subdivision and classiication of fo-
pogmphic sufaces on the besis of morphology, position, iferred. genesis, and
Telative age. Geomorp! in Ewope than in Horth
Amerize: ses Salomé and van Dorsser (1983) for an instructive set of examples
Gustavsson and ofhers (2006) disusmd seversl geomorphalogive] mapping sy5-
tems. Giles (1998) prosented a North Amerivan e arple wsing automatic classifi-
cation of digital source data. These geomorphic mapping sy msare charucterized
by dedustion of & vocabulary of map s, commonly on the basis of existing
theories of lendscape process end (o1) slope angle. [nspited y the North American
Stratigraphic Code (Anonymous, 1953), which emphasizes mappbility as &
Tndemental characteristc of map wnits, and aware of our imited knowledge of
subglacial processes, | have adopte @ different approach end defined map units
industively—for example, are there areas of grownd having similar associaied
sufage chamctristcs (sloe, elevation, textue, efc ) tha can be consistnly
identificd? Once ideniified, these associations often can be, end showld be, inter-
preted in ferms of e gemesis. Cross-outing re.ations and additonal
Knowledge of local geologic hisory suggest ages for fhese map wnts

his Toapping was guided by several principles: All of an area (quadangle,
county study area) shold be mapped. Mapping should be relstvely consistent
Miap units should be areaflling and continuons (for exangle, fuied glaciated
surfase, acoreted bearh mrface), not quasi-discrete entites (for erampl, drunlin,

Outiash flats of Russol age (0wr)—By the time the sauthern Kitmp Perin-
sl was e T,  Jargo ek hud been ssiblihed in the suther Poget Lowland
Impoundedonthe norybythe ice marg n and drsined f the sth into he Chehalis
Loke, glaial Lake Rzl

(1913) or geologic poneer Itael Kussel (ee Wil 1898), ncluded e prosort.

5 I Puget Somd and adjpining low-clvation wwas. Slighly
highex ghcial Lake Hood (Thorson, 1989) occupid Hood Canal and dnined into
glacial Lake Rrssell via  Jage channel-and.celta complex that exterled from
‘he lower Skokomish River vlley to Shelon, south of the Kitsap Peninsula, At
Surthex i retrat, e Cliton channel south of Belfel, situaid at an sostli-
compersaton.estond ower levation, opered and conrected glacil Lakis Hood
and Russell (Thorson, 1959). Extensive allavial fab south and soviforest of Port

Orchard  aloxg the Tahuya R e
Creek dminages, in the Chico Creek draimage, near Bangor and, locally west of

Big Valley north of Poulsbo were graded to ghacial Lake Ruswll. The lage fat
several kilometers northuwest of Lang Lake provides especially clear evidence for

-
)
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8 8
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kilometers north

Figure 1. Elevations of Kitiap Peninsula outwash surfices projected anto nosth-sonth section. Elevations grouped by age. red, Russell violst, Brotz; blue, masine
maximun. Li-glacial

hat is at

‘present.day elevation of 42 m at Black Lake, south of Olympia, and ibes 1 mkm fo north becawse of postglacial sostatiz rebornd (Thorson, 1989). Teo-low elpvations
o Rrssell. Tharson's

for o

‘wp-toenorth sostais 1shound model, original

nonzem stream gracients, subseouent tectonic deformation, minor digitizing ertors and emors in DEM, and, perhaps, eroneovs assigned ages. Values of “Kilometors

Rorih” (horzonial wis)are measze from souh edge of ma area
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OMer hillslope—Lower gradient slops losated uphill of hilldlope
that have higher, mors typical gradients. Zosition and lower
gradient g that older hilblope develaped n & 1o
Iover slape stability, perhaps without vegetation caver

Ghcial trough wall—Steep, ise-molded sufice; commanly his

distinetslope break at up-slops margin,
to general direction.
disintegration termane at hase ofslope

of ize flow, com

Rilled shpe—Steep =
minox paralle] gullies
Landslide—Sufuce of deepseated landslice, mcognized by uphill
scarps, bulbous toes, position in hillslope hallowrs, and (locally)
rumpled suface Queried where identity o5 landslide i less
certain. Some landslides, partcularly those estled in glaciafed
wplend, may be inastive and stable in curen: conditions

LATEST PLEISTOCENE SURFACES

Submarine surface—Older suface, mostly gliel smoothed by
‘il snd sbtichl eurens, marine deposition, and wave action

Fleistocens marine limnit
Outwash fat graded fo marine Emit—1luvial fat graced o upper
lmit of atest Pl tocene marine waters

pening of
aluvil fals onto lower elevation eteas. Larger delte froms and
associated delte tops are comman sites for quarmies (mapped a5
‘modified land, uni 1), Queried whero identiy s e cerin
Lake Bretz

Queried whore Bretz age & less certin.
Outwash fat of Russell age—Allwvial Sat graced 1o ghacial Lake
Russell. Russellage allwial fats in Umor River and Butky
Creskdninsges, snd perhaps elsewhere, formed as kame temaces
confined between valley walls and row-abssrt ice. Locally (for
example, westof Belfair, east of Buley) inc uces some surfaces

ke Russell

Therson, R M, 1959, of the Pugat Sonnd arey,
Ingical Saciety of Amsrics Bullstin,v. 101, p. 11631174
X sGs ) it

a

s

Whit, RB. Jr, and Thowon, R M., 1983, Tre Cordillemn i sheet in Vs kington, b,
i Marfuns: in HLE. Viight, T, editor, 1953, Lyi-Qustrmary Envisorments of the

ipwsby Kathy ‘Washington)
bave led o mbstantial impravements in this map,
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anice margin immediately o the norih that provided a source for meltster. Rus-
sellage fias near Chico Creek probably record flow of T twter to the west and
north, o evidenoe suggests hat Hood Canal cleared of e early during tecession,
befors the central part of Fuget Sound

Outwash fias of Erete age (Wh)—hs the ice sheet thinned and fhe ice mar-
gin wiated, a new, t opered west of northern
‘Hood Canal, dreining rorth info Fort Discovery and the castern Stait of Juen de
Fusa (northwest of the Kitmp Peninsula). Weitt and Thorson (195) named the
e ke glacial Lake Bivtz, afler ] Harlon Bretz. Unpiblished

3 Kit
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Jup
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apif)
‘Frosesses but shonld arise induetively from observed morplologies and pasitions
and,

heretofore

mapmits
The map should

Fesaarh, B, Solid Exch snd Plant, .92, p, B55-6597

‘geomorphic mapping of Lake
Brotz had several spillways, each futher north and at a lower elsvation than if5
redecessar, and that the highest glacial Lake Btz spillway was almost at the

; agleier

#lages bwards it termins, and its Savw is driven By its surace slope. Mapping
Je-dependent, or, d-fe digitalcontext,

the wnderlying topography.

I

ENE
This map wes inferpreted from 6-foot idar DEMS provided by te Puget Saund
Lidar Consortiun (atty Jipugetsoundlidarorg) The lidar DEMs vere derived.
Som 1 pulse/m? Lidar surveys conducted in sarly 2000 w3 winter 2001-2002.
The lidar

»
pulse, cach rtun produced by scattering of the ser beam by grownd, vegetation,
Strustures, vehicles, and (ocally) open water For fhese sureys, uex ot wers

SECLRD i ]

elevation of glacial Lake Rugsell (contrast with Thorsan, 1933, 1989). The Lowest
higher than coeval local sea level &5 & rsult it i, in

Bud E, and Leogold, 5, 1952,

1 ot
1700 yeais a scutben Puget§ cund, Weshington: Scisnce, » 25, . 16111614
Cligus, 171, 1969, L vel chune and dreste
Btish Cabuchix Geologieal vy of Canads Paper£3-1E p 135-236.

15,200,

5

Tlaces, cifficult to disting vsh 21

sssociatel vith glacial Lake Russell o the marine Lt

At shot the same tine a5 e estblishment of glacial Lake Bretz, the

Toheating e margin opened « drunage ath fom Poulho fo Lofill and allowed

glacial Leke Rug I o i the northuest. On the Kitsep Peminul the Taost
5t

A ftures from eatures

i, 11,
Betish Cohumbix. Quiiemay Seienie Reviews, v 21_p. 7157

Daster, 1D, 197, hingtor: .
esis Westarm Wi ington Urivemsty, Bellighar, 175 p, may sesle bt 145,000

Dethies D, BosL ¥, Kerlr, RF, Balsasisi, MA., Pe 1995, Late Wiscorsiman
eleiomarine deposition anl oste rbound roxthern Puget Lowland, Weshington:

1
extonsive allwvial Sats graded b glacial Lake Bretz am along the
B He rihof Indiannla, and.
west of Brovmsile. Inal of these Iocales, the cosval ice-sheet margin must have
been neaiby, either {0 provide & source for meltwater or to block Iover elevation
altermate drainage paths. Minor Bretz-age flats in the lower Tahuye River drainage
‘peobably formed a3 the Tahnyn River re-equilibrated o a lower, post-Russell base

aumaticallyclssified o5 ‘gro
22

001, Froma DEM, 1 anorheast.

which his cormespongs to local lope: and a color image in which e is cakoulted

from elevation and darkness 4 a norlinear function of lova. slape, 1 make smell TATE

atlow slop at the expense of supp visbility
of simuler variations at higher slopes. | found the latier t be fhe most useful. Using
these 3
on-sereenina GIS envimnment, interpreting on the &y The asilty b pan andzoom
atwill whils working , bt the imied spatial context
i5 at times challenging, At intervals | made lage-fbrmat plats of the in-progress
map to establish context and, thus, resolve arees whers an nierpretation wes not
cbvions, a5 well as o editthe emerging map for consisteIcy.

‘The aceuneyof the DEM:derived geomarphic map s hinted in soveral was.

Losat aks shope
breaks canbe lacated no mare ascurately fhan two to thiee DEN eells (1215 12 ).
F i, bound

all such contacts are shown as sereich boundaries. Subsequent work may lsad to
sbstantial revision of these bowndaries, Some lines wers arbmatically smoothed
afler digitzing in order  minimize artfact. ¥ Enalization scale pravidss nother
Linit: 1y experiense is that I do not place lines any more acourately fhan a few
piels at the visuwlization srals. On & 75 pixeLperinch computer display, my
sl working seale varied from 1:3,000 to 112,000, One’s atrfigraphic concepls
further limit accurcy. Miscorcerved map units—for examale, wnits that reqre
sbdivision of a spectnum of morphologies that rsult fon 4 single process, or
Iumping of sufaces that result frora cistinet processes—muay el in & map that

Locatd precisely. & particuar challengs is posed by averprinted grond, such a
glaziated ground mocified by marine and (or) lacwstine Frucesses. AMhAugh this
mapis

Tevel g i debris in the lower reaches
of the Tahnya glacial frovgh.
Outwash fias graded fo marine limit (owiT) —Afet futher retreat of he ice
in, Admifalty lnlet apened and Haod Canal and Puget Sond became marine
Isostatc compensation for the weight of the Cordilleran iee sheet and delayed re-
‘bound resulted in an iniial marine shoreline thatwas, at the north end of the Kitiap
Peninsula, some 30 m aboye present day sea level (Dethier ard others, 1995). A5

Balltn, v 107, p. 1255-1303

Disgorich 1D, Logan, RL, Schiose, H.W, Walh, T, Lingley, 75  Ir, Norman, D,

GerstaL, W, Lagan, T1, S ehuster JE, and Meyes, K., 201, Geclogic mp of
aiF

4, 1.C., Minaa, I, and Darchroff G R, 1993, Geclogic mup of mufical daposits in
s

E1

Sublacustrine surface—Older mface, mosly g sial smoothed by

of subdued topogaphy and position
Kame-hettle surface—Imegular gromd chamsterized by steep
walled closed depressions (ketlles), collapre features, eskors,
and comman allwvial Sats. Locally; mapped a5
‘Esker—Sinuons namow tidge
Kettle—Closed depression that has modsrately o steely sloping
sides;, commonly embedded i ontwash fat
Channel—Stooth-walled chamnels, apperently wabroarved, but
for Sowing water. As mapped,

heSeattle 30 A quadranele, Wackinglor:

53235, 2 st zcia 1100000
DESCRIPTION OF MAP UNITS
HOLOCENE SURFACES

Modified band—Filld e (or) graded area. Generally not mapped
o e e s o e
fcienlly extensive o freclude inference of precursr surfice.
Locally, mapped &
Artficial Sl1—Surface of 811 bodies beneath hightvays and il
wags, mapped bevauw of poshilty of failie duing severs
sebmi shaking

oflaw i
‘Fosition in topographic lows, and distinc ive surface exfure that
Frobably rfiects wetland vogetation. ldentiication as wetland
comoborate proximats camspondence with i par
vetland inventories {Kitsp County GIS, 2006) and linuted il
checking

Holocene allwil fat—Stean valley foor Recognized by low
slope, planaity, and position i 1opographic lows along active
drainage pall

Backshore area—Flat built by moder beach aceretion. Elevation
fear mean high water, Cormmonly has distinetbermn erost ot seac
wardedge Lacally, mapped o

Lagoon—hreas within baskshore that commonly are fooded at
high fide

Geologie Misp GM-, 3 shact, seale |-3T,000, itk T3, ts:

Fislayson, DE, 2005, Combired batlymetry and topography of fhe Prgat Lowland,
shington Stte: Uriverty of Washirgton, htpfhrury asoinurashizetonsduldata
pussbionnll

Gills BT, 1952,

A Landforr,

v T, p L4
Gustarszen, M, Kabtmg, E, sod Seijmansberzen, AC, 2006, 4 new symbeland-GE

w773 50111

ostatic e hilsi

‘Fesentdaysea evel (D 1995, Clague and I

Hoeusler, PY, and Clask, KP, 100, Geologic map of the Wildew: Like 7.5 quadrangls,
Kitip and ML stier, Wochiretn. U5 Feport(0.

o0: five e levelback tonear.
fresent.day levels in the early or middle Holocens (Mathews and ofhers, 1970,
Clague, 192 Clague and James, 200 Lol

56, sale 12400,
Hicdire, D1, and Beghoff, G5 , 000, Falt searp deftion beneath derce vegetation
Bainbrilee

5 of Btz age, o shown on the map, one implication i that Hood Canl was
commected 0 the world ocean befors Puget Sound was; ofherwise, thers would rot
have been sufficient discharge through Big Valley north of Poulsbs to construct the
Lofall fat

At the downstran ends of some outwesh flts are deltes, Delta tops are
mapped a5 outwash fas, and the sloping fionts of apparent construstional origin
are mapped o5 delta fons. Beyond delte fionts and elsewhere, low-elevation.
sutfaces smoothed by sublacustrie and (or) subrmarine deposition and (possibly)
erosion are identifable locally:

The ages of some alluvial sufaces are indetermuinats, This s largely because
the late Pleistocene marine Lt coineided with modem sea level af the laitnds
of central Baitbridge ldland, and, this, corhin surfices are plawbly wsigned
sither a atest Pleistocene age or a Holocens age. The ages of alluvial surfeces in
closed basins are also Inde rminate, a5 they conld have formed at any time be-

tion and the present, Allwvial are not differentiated

i hirgton,
Stat: Provsadives of he Ameriean Society of Photogrmmaty an Rerote Saving.
D.C., May, 2000,

washing o edudaturasteridag barding pdf
Haedirg, DJ, Jou A Hasgerd, R A, 2002, Pt snd

Helacens masine plbrm in tha Saatle Gl zoms, Wiekingon, mvealed by idomne
Ler swrath mappive: Gealogieal S cciaty of Amaies Abstrct rith Prograr, v. %,
£0.5,p. 4107

Hugend, R4, 2004, Cascadis—Plysiograply: 15  Geolagical Scvey; Map 10589, scale
12,0000

Hagend, FA, 205, Pl ogis rap of Baisbridge Lland, Wohington: U5
Guologies] Survay, OpenFilk eport 20051387, -cale 12400, bitpllmbices zand

Haugend, RA, and Hardirg, D.J, 201, Some algoritims for vibul defomsiation of

pographic mvey. coote
Seine, Commmisicn 3, Working Group 3, Anwpelis, WD, 7., hitp b it orz
“omuris oG mapolis A sspamnd o

By selative age becaise in very fow Places canane rub autthe possiility hat they

000, e

undlerlying digital map data shovld allow their tse at scales as Jarge o5 112,000,

thatis, anominal accuracy of +- 30 foet (IS, Geological Survey, 1999)

“The puality of he lidarbase Hroits inferpretation inthree setings: (1) In dense,

unthinned second-grawih forest, very fow laser beams reacked the ground, and s

the topography i patiarly il dsfined. (2) The despike algoritim is prome to
ding 1o

Upon deglaciation, undercutting by stream and wve
Ihass wasting began formuing surfoces mapped a5 Aillsiope (h) and fandstide (1)
Many of thew surfaces are Holocens, but & significant fiaction, such s 1

hillslopes that formed. adjacent  and above outwesh flab, we clealy letest
Fleistocere. | have not atiempted 1o diffsrentint hillslope and lencslide surfaces:

emsion and consecguent

Hotgemd, R A, Haxling, DJ, Jokes TL, Wesver,CS, and Shemed, BL,
D053, Highrescbuion tspcgraphy of the Puget Loy land, Washington—A borarei
et siemea: GSA Today, v 15,1 6, p. 410

Hongamd, F.A. and Tbar, R, 200E, Ligs postglacial

Sasthquals on the weskem Sextle Fanlt. Bor Toens, AGT, v. 29, Fill Meet, Sl
Abstnct THOS,

Johsson, 7, Poter,C 1, and Arentront, TH,, 1994, Oriein and evobuton of tha S stfle
il and Seatls sk, Washirgton Geolegh; v 3,7 717,

Jonss, 1.4, 1996, Thickness of uncensclidted degosits in the Paget Sound Lavwland,
hington and Batsh Cobumbix 15 Geclogicdl Sunvey Taar Resaureas Tnves.

tigetions Report 94 4173, ruap sl 1435000

deasae i ofedges (3 ofdiring age
Inerlat whns o b oD In th Sedbeck Creek drimage, wes of Gorst, abrg fhe cosst between
across narow mvines g shorline angles; fis briding i sommon PECUsly  Brovimele and Keypor, and ebewhe, hilllopes am segmented, with highet =Y
wakersutace,  glovat ke , 2006,
45 Spocala ection (nsend of eaering) s cieobd madent asr Tight avay .
o te il oves b o breus. Ths cbsevalions i ot the loein o fgge AP 111588 Regun
snghsby diffsionand 5 e
Lruagped e intrprted lanc . have ttmped it conditions—-ertaps without vegeAtionwhen e argle of mpose UL !

o map the andssage a3 1 s o o human modifcaton, Exceptions are major
o tomidon, muapped a2 modiied Iand f elp orent the T werviemiy &
e uafuces of highvrey G, mapped becawe of their propensity 1 ful duing
severe i shabing. iapping the premodification hadape s putilary
chalenging alon the north i of southerm Hose Canal,bewaen Ay Point and
e Union River, where & madwey is supermposed on & poible plited mid-

Hologere beach fat
On this map, alwil e e growged by g int severl grovgs (i ha,
ahal, l, awm, w, ow). Inmaay plces, cre aluvial ftis cised o another
£ the e age grovp. Where the separetons e suffciently distnc, 1 mappecd

a3 loss, Differnt lope gradients conld olect difforences in mbsimte strength,

5 in the Sewbeck drimge and north of Brownsville, he disposition of
steeper and Ioss steep slopes is not contolled by elevation, which arguss ageinst
sibstrate control becavse the unerlylg gealogie il are apmaximately hori-
ntal (Destex, 1979, unpublished mappirg).

A majority of the maapped landslides are probably of late Holocens age, a5
they are localized along actively ineiing streams and fhe modem, lae Holocere,
Inarine shoreline. Soms low-relef Jundlides nestled. amid the glaciatd upland
(for examle, the queried landslides northwest of Long Lake) may have formed in
It Pleistocens fime 2 the Vashonage ice Iost

Sedimartary Geolog, v 111, . 2740
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These multiple of change
in base level (becawse of isostatic hound, & consequent caange in the draitage
network, or ocal falt displacement) and change in sream dynarics
Watexlines mark the edges of water bodlies af fhe fime of survey and the
consequent limif of topograplic cata. Along the marine shorelin, fheir posifion
Tofects the fide stage at fhe ime when a str h of beach was surveyed. Waterlines
e 101 contours, nor e the y necemarily ot mean sea level, mean high wake, orany
othervertical dsfum Shorelines are the morphologic upper e of the beach, dren
and hillsloge ox Possible late
Pleistocene shorelines were drawm on the basis of (1) & lowst it o gullying, (2)
and o)

bl features an i plases, | am Likely o have exed 1n lntiying thera

LANDSCAPE EVOLUTION

‘The Kitsap Peninsmla Lies withun the southern pert o7 the Salish Lowlend
(Hasgerud, 2004), a broad fore-ere depression that extends from Chehali,
Washington, o Campbell River, Briish Columbis, and szparates the Cascads
Fange and Coast Mounieins tothe east from the Coast Range, Olympic Mouniains,
and VancowverIsland Range fo the west.Long o1 wplift of the mowniains o the

the Juan de Fuca and Hort Flates

aver the last 25 million years

sbsidence within the southem Salish Lowland during the last 15 million years:

Eocens valcanic and plufoni 102k ae exposed at elevatiozs as high s 500 m on
o Oligocene stra A

Green
sealevel andl on sovt
strata o the northeast of the Seatlls Fault Zone L 6 to 10 b below sea level
(Johnson and ofhers, 1994, ten Brink and othes, 2002). North-sonth shartening
acmoss the Seattle Fault Zowe is a response o noriwards migration of much of
Californi and weste a between the

commenly are ot evidert in the lider DEM. This suggests that those landslides
that are evident in the lidar DEM are deep seatedd For an indeperdent estizate of
Iandslide extent thatisbased on interpretation of the seme lider DEM, see MeKenma.
ad others (2008).

HOLOCENE EVENTS

A vasiety of sutfaces are forming and being maintained by resnt.day pro-
cesses. A noted above, many hillslope, landshide, and ellovil fin surfaces e

odem. Some allwvial fias grade to modem base level. ietland sufices ar
astive today; though some may ot have changed much since latest Pleistocens
deghciation.

Local ltive sea level appeass fo have generally sisen through the early
Holocene and locally shbilized at nescmodem levels in the midHolocens
(Shipman, 1990) Beach smrfaces in equlbrium with modern sea level e, thus,
70 oldex than mid Holocere.

Alarge carthauake in the Seatle Fault Zone atshont 4D, 900 (Atwater, 1996)
uplifted a rgion that ex s from Eagle Harbor south to Blake Island and west et
st a5 fr e Ostrich Bay (Bucknam and others, 1992, Sherrod and athers, 2000},
45 much a5 9 m of uplit e and preserved novw-fossil beach suface—largely
eeuivelent to the modem beach face and fcefii—that s present amound the south
end of Bainbridge Island, especially at Restoration Point and Rockaway Beack,
long the Kitsap Peninul shoreline from Southworth o the town of Port Orchard,
andt locally alorg the south shore of Dyes [nlet (Harding and others, 2002). It is

ely tha the extensive nearshor: fal upon wi
constucted is also fossil beach, lthough this is chwared by extensive human
s unit a) inlower
Seaberk Creek valley and the middle Teach of Big Beef Creck may abo reord
Tat> Holosene uplit ahove the Seattle Fault. Haugerud and Tabor (2005) abservect
ot deformed Raussel. Lak

Facific and North American plates (Wells and others, 199).

Bedmock autrops and deep boreholes within the Salih Lowland are limit:
ed bvailable geologic evidence does not distinguish between, spatially averaged.
Long- erm stability of the lowland and net swsiderce. Mk of the accomodaion
space within which thick sections of Quatemary strat are brally proserved (see,
E: e, 3

During the It glacial cpisod—the Vashon stads of the Fraser Glasiafion of
Ammstzong and others (1965)—the Cordilleran ice sheet overrode all of the Kitsap
Feninsula. M n, 1950)

tatleast 24 mof perheps three large
earthgnakes in ltest Plotocens and Holocens time

Atabont the same time as the & D. 900 earthiuake on the Seatle Faul, one or
o Tazoma. L113), which bes
south of the rap aree, uplifted an ara to the north of the fault Nearshors flas at
the moth of the Tahwya River, Lyneh Cave, North Bay, and Busley Lagaon were
uplifted and proserved by this event. Portions of the mid-Holocens Conlter Creek
and Burkey Creek alluvial fts were also nplifled and preserved by his event

The Vashonage e sheet advanced south fiom the Coest Mounians of Britsh
Columbi, is nfere t have reached Bromerton by abou 17,400 calbraed years
ago, adtvanced t a marimum extent south of Olympis, e hen retreaied xapic
1y, Kingston was ice e by about 16,300 yeats ago (Porter and Swanson, 1998).
Vashanage deposit, whick localy excsed 100 m in hickne, inchude exteasive
(though localized) advance outwash deposis, an Infermitort sheet of 1 that
has been descrbed 4 dense lodgement tll, snd significan ecessional-outwash
deosts (s, for example, Dester, 1970 Voun and ofhers, 1997, Hasussler and
Clak, 2000 Booth ad Troost, 2005, Havgerad, 2005)
and times priorto e

(Booth ard ofhers, 2004) bui, beseuse of exlensive depostion and local erosion
dunng the Vashon stace, al dtails of he Kitap Peninsula landscage az» Vashon
age o younger Surfaces at levations above about 140 m ey i part, peserve an
eatlier history (Booth, 1994), but 1t s lkely that they were gnificandly oworked
dunng Vashon time. Landscape mfices on the Kisap Pennauls were formed in
{huee phases. oe-sheet glaciton; deg aciation, ilucing hrge charges in Iocal
base el die 1o sostatc bonnc and ongoing Holocens exosion and e ositon.
Locally, significant uplift associated vath Large Iate Holocene earthyuakes on the

Distinct Holocens mutface rupturss are L plces. The Toe
Ja Hill scatp, which croses Balrbricgs Tsand south of Blakely Harbor, was.
‘enched at several losations, and muliple late Holocene failig events wore
conimec (Neson and ofhers, 2003) Faulting along the Mios Pond soarp, ot
o-thinds dio

(Brian L. Shermd, orl comman, 2003). An uanamed. westorthwest trending
seasp tro-thinds Klometer futher north aio appeas 1o be the eault of fuing,
o i 9 similar in charecir o the Macs Pond sarp (Hungerw, 2005, South of
Fich Papmage, tmrching has condimed that I Hobeene fuing produced the
Wisteman Foint scarp (Nelson and others, 2003), All of thes scargs i vithan
th Seate Faut Zore. South and east of Belfuir, the northesst-wening Suset

oral commun, 2006) are unable o nule o the possibility that this feature is the.
Hesdscarpafa very umsual lge lancslce

NOTE ON BASEMAP
This rap & piblished with a custom base hat includes & minimum of de-
il e standard

Seattls and Tazoa Faolis has
oo

LATE PLEISTOCENE GLACIATION

“The Kitsap Penirsula comprises a low-relef upland cutb ybroad roughs (for
example, ll the marine waterways, Dewatio valley; lower Tahuya valley, Gorst-
Belfair valley, Long Lake valley) and puactuated by a few isolaizd highs (Green
and Gold mouninins) Booth (1994) suggested that the low-rlief upland formed
abroad phain, eveled and flled by meltwater streams issuirg from the advancing

The ey

are incised info the upland, butbefore the

us 75 . ot

a5 accunte w the hightesolution lidar topography from which T interpreted thus

‘geomorphic map. Base map features includs a shaded-relief topographic image,
Inted from the 20-AD) (2n0:

ot

pognagh 1om the 30-
R DEM Public Land Survey System (township, 1nge, and section) ies obteined
o Washingon Departent of Natural Resvrces (htp: v wadns goul
drappeidatavehidmatrix MmD: and stram conses from USGS L100,000-seale
digital lne graphs (DLGs) In many places, mapped stram coutss da ot comes.

nd o the detald topogmphy: Thers ate Tuany minat ermors in the contours,
enpecially alorg shorelines, where fhe murface nbrpolkbd fom individual

glavial scour. Subglaial Guvial exosion 5 the Lkely genesis of the roughs (Booth,
1994). Uland, tromghs, and solated

on thi map.
Mot of the Kitsap Peninsula preserves a itle-moclified glaciaked sufice that
canbe divided info several fxturl fypes. Where bedding traces are evidend, or
lumpy topogtaphy muggests hat the surfice i controlled ty frachues and ofher
competency confrasts in ek, glaciated bedrock suece (0b) 15
Tnapped. Elsewhers, mush of the glacited sutface has long, subparall] fes and
s magped a5 flted glaciatsd suface (0. At the soukwist lobe of the Kitwp
Peninstla, in the vicinityofthe Tty River futes ae superimposedon mnsverse
olls, creating ascallops ptten (scalioped. glacialed ufecs, ). Fluing efects
basal sliding of the iceshest Brov and others, 1987). The mechanism By whish
scallops developel is not evident. On Beizbricge lsand, comsta blu outiops
and mumerons avgured holes demonstrats hat much of the Suted swwfice is ot

2005)

Locally, tansverss sipples that have smpliices of a fow meters and
wavelengths of 100 1 300 1 are superimposed on fAud and sealloped glaviated
sufaces; those aress are mapped a5 rippled ftted glactated surface a1d rppled

g5y

Perhaps it is  form of ribbed or Fogen-moreine (Lundqvist, 1989, 1997), though
the rippled grownd of Kitiap Peninsmla 5 less extensive than uch of the Hbbect
moreine figured in the litemature (for example, Lundiist, 1989, 1997 Aylworth
and Shilk, 1989, &
of suh ribbed moraines, inchuling subglacial thust stacking of basal tl and e,
s well a5 crevassing at the base of an ice sheet and injection of tll upwards (or
aque0us deposition of sorted maerial) into th ine fctures.

Some futed glacisted surface is marked with megular pits and pockrmarks
and ismapped a5 pockmarkad glaciated surface (G5) Locally pockmarked grouadt

5
e melt-ont temin, Pockmarked groud is at end
any plasibls ce-sheet margin, Some pockmatked ground sppests fo o beneath
the enveloging surfuce defined by sumounding d, rther han lying
abore it s deackice deosits would. Pethaps i efects e locel incorporation of
e into grownd mormine hensath the ize sheet and meling ofthi ice aferie-sheet
Tovement had cease

Locally, the presence of a subile slops break allows tongh walls fo be -

hod hillbice 5 steeger,

and near e toe of the slape the ground is commonly lumpy. 1 mapped such atess
a5 glacial rough wall (ofw)

LATEST PLEISTOCENE DEGLACIATIDN

A sequence of superposed proximal fo distal surfaces moord the disappear-
ance of the Vashan-sge Corilleran ice sheet. There are 1o ferminal moraines on

123078

1230075

Washington State Plane piojection, narth 200, NADSS

Map base:

Shaded e, topograghic contours, and batfymetic contours calcu-
Iated from 30-1 digiel eevation macel compied by Firiayson (2005)
,range, and secton ines)and
idaries fom Weshingtan Dept. Natural Resources
Hyfography from U 5. 3eological Survey 1,100 000-seale digial ine
oraphs, Mt Olympus, Seattle, Shellon, and Tacoma 30- by 60-mnute

Pulic Land Survey System Gownhi

Gueckangles.

Srom the bIufT 1 the beach, and in some dersely forested aras
where no lidar ground rtums were identife

Place riames modified fom Geographic Names Inform aion System,
y

US. Geological Surve
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it kst of the Puget Libe of the Contillaran ioe shest duing e Lt glsistion:
15213

Quatrmary Researeh, 7 50,
Salomé, AL, and van Dorsser, HJ, 1962 Exarcples of 1150, 000eale gaomorphologicdl
g of it of the e Zeibcrkift fur Gecmnorphelagia UF, v 5, . JE1AE9,

berred, BL, Buckram, ., and Lecpeld, E.B, J005

e

Eres

Sterod, BL, Brocher, TH, Weaver, C5 , Buckrum, KC, Blikdy R, Kby, HM,
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TSA: Geolog, v. 3, p. 412
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ce—Stee per ugper beach, mean love-water
elevation. &t upper edge, bounded byherm cres or oe of blufl
Tide flat—Lav-slop: lower beach. Comumonly at clevations below
meen lower low-watr; higher at heads of nlets
Oler allwal flat—Mid-Holosene stteam valley floor, uplified and
solated by one or more arge earthuakes af about 900 AD
OM heach—Fossil beach i supmatical elevations. Mapped at heads
of Lynch Cove, North Bay; Burley Lagoon, in Manchester-Fort
Orwhard erea, and on southem Baithridge [sland. May include
equivalents of modern backshore, beach fice, end tide flat In
alllocales, presence rcords coseismis wplif during one or more
lusge cartiquakes ot ebout 4D, 900, Locally mapped a5

OMl heachherm—Low ridge alorg former shoreline

HOLOCENE AND LATEST PLEISTOCENE SURFACES

Alhwvial flat—5 treamshaped. sutfce, either depositional of strath
Could be st Pleistocens o Holocere in age Locally (for

example, west of Harper) inclues neashore fat formed by

e ation
Allwial fan—oderately sloping (moslly 2.5 sufce, mostly
conir, at crainsge condences and along foss of vally walls
ggests dimen trnsport i dominated by debrs Gow
or infreent foads

Hilklope—Steep, (commonly, 20-35) surfice that appeass b be
domisated by collmiaton, dsbrs fow, sballoveladside, and
her mass movement processes. Mosly with distnct bivoks
in slope ot pslope and cownalope margins, Cut into adacent
tapogrephy As maped, inchules tamow allovial s on Soars
£ msnor gallies. Lack ofsigniicant mumeing o ops and es of
illslope uggest that in s femin and i Imitd age of hese
Slopes, difuste proceses have not been significant Forclaris,

Tuoet smal reas of unit e unlsbelled, Local, mapped

24N

1230

470225"

]

inelues both near-horizontl Soor and sbeper walls, Mot

trasitions between floor and wall. Lack of floor-

el slope break mggests that channels were entirely filled with

fowing water, rot carved by wabr fowirg actoss foor and
Lask

or sink suggests presence of sumounding ice when channels
formed

LATE PLEISTOCENE GLACIAL SURFACES

Glaciated surface—Ground modified by fowing ice. Mostly sub-

divided into

Fhuted glaciated surface—Charactorizzd by well-organized fius
hat have elongation ratos (leng hfwidth) typically greater than
10_ Flutes are typically hundreds of mfers wide, heights are 10
30 m. Locally, mepped 5
Rippled fluied gheiated surface—Fluted glacial suface that
has transverse ripples o “chatir marks ” Waveleng s of trans-
erse xipples are 41 to 100 m. Ripple heightcanbe s great a5
fow metors, perhaps ipples originate a5 cxvasse Gl

Scalloped_ghciaied surface—Charasterized by well-developed.

wfucs

have diameters of about | ki end heights cf 10 fo 40 . Most
hils e mantled with typical futes. Locelly, mapped a5
Rippled_scalloped gheinted surface—Scalloped glaciated
surface that hes ransverse Kpples

segular its and Jamgs. In many places, appests b be gradational
between rippled glaziated surfaves and kame-kettle fpography

arezrs!

SCALE 1:36000
o i 2 3

B

Ghciated

or trnsvers s (emded bedding) indiceive of emsion from

commanly is tmnsverse
nly g e to lumpyice-

that bas hugs

bedmck rather then fiom wconsolidated material Queried
wher identityis oss cerain
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EXPLANATION OF MAP SYMBOLS

contact—Contasts between wnits K, g, Of, oft, 0, 05c,

s seratch bourdaries withowt  black line

L waterline—BAge of wabr body ot fime lidar dala were
acsired. Lateral position and. elevation
vary vith tide stage
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CORRELATION OF MAP UNITS

HOLOCENE AND LATEST PLEISTOCENE SURFACES
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LATEST PLEISTOCENE SJRFACES
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_ shoreline—Morphologic break ot uphill edge of modem

Tt beach, commonly at bae of shote-
ine bIuf (shore e angle o many o)

Iate Pleistocene shoreline—orphologic disconti-
ity infored o matk former marine o

Lacustrine shoreline
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~————_ fault searp—Aligned minor scarps and gollies fomed by
only smmewhat

jpture,  coman
degraded iy subsecuent scarp collapse
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